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CARDIAC ARREST DURING 
SURGERY* 


A significant advance in recent years has been 
the treatment and prevention of cardiac arrest 
occurring during surgery. Cardiac arrest does 
not happen only in the operating room but may 
occur as a result of drug reactions, electrocution, 
and other unfortunate accidents. The purpose of 
this discussion, however, is to summarize briefly 
the present state of knowledge regarding the best 
methods of treatment and prevention of surgical 
cardiac arrest. It must be emphasized at this 
point that methods of treatment (emergency tho- 
racotomy and cardiac massage) appropriate for 
surgical cardiac arrest are not to be applied to 
persons dying from cardiac disease; renal disease, 
metastatic cancer, cerebrovascular accidents, and 
similar conditions. 


DEFINITION 


By cardiac arrest is meant the sudden cessation 
in the ability of the heart to maintain the move- 
ment of blood through the circulatory system. This 
may be due to complete cardiac standstill (the 
commonest occurrence), ventricular fibrillation, 
or slow ineffectual contractions of the heart. Only 
minutes separate life from death in this situation, 
and an irresolute hand will not be successful here. 
The cells of the central nervous system are highly 
susceptible to anoxia. They are destroyed rapidly 
and cannot be replaced or rejuvenated. If the 
circulation is lacking for longer than three or 
four minutes, it is highly unlikely that complete 
recovery can occur. There may be survival but 
in a decerebrate state.’ After seven or eight min- 
utes of cerebral anoxia, death is inevitable. Thus, 
because so little time is available one should be 
prepared, both psychologically and technically, to 
remedy this difficult situation. If circulation can 
be effectively restored within one or two minutes, 
complete recovery is possible* but is proportion- 
ately diminished if hypoxia or anoxia continues 
beyond this time. 


DIAGNOSIS 


Obviously the length of time required to make 
the diagnosis of cardiac arrest is of critical im- 
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portance. The diagnosis during a surgical pro- 
cedure is usually made by the anesthetist unless 
the chest is open or large vessles are exposed. 
The outcome, therefore, depends in a large de- 
gree on close cooperation between the surgeon 
and the anesthetist. The only reliable signs of 
cardiac arrest are absence of the blood pressure 
and pulse. One must not depend upon cessation 
of respiration since breathing may continue for 
a few moments after cardiac action has ceased. 
As soon as the anesthetist reports that a blood 
pressure is not obtainable and a pulse cannot be 
felt, the surgeon should suspect that cardiac ar- 
rest has occurred. In the case where the heart 
and great vessels are neither visible nor palpable, 
Johnson and Kirby* have taken the position that 
a thoracotomy becomes both a diagnostic and 
therapeutic procedure and should be promptly 
performed. For success to attend this procedure 
a means of adequate artificial respiration must 
be immediately available. Sterility is desirable 
but should not delay thoracotomy. Sterile tech- 
nique should be initiated, however, as soon as 
possible. 

Certain warning signs may occur prior to car- 
diac arrest, and careful observation will fre- 
quently give some indication of an impending 
catastrophe. Respiration may increase both in 
rate and depth. Cyanosis may be present. With 
the early onset of hypoxia the blood pressure may 
rise and later fall to a lower level than it was 
initially. Cardiac arrest may occur forthwith. In 
addition frequent ventricular premature beats, ex- 
cessive bradycardia, or tachycardia may precede 
the cessation of the heart beat.? These findings, 
of course, are not necessarily seen prior to arrest. 

When blood pressure, pulse, and respirations 
become unobtainable, one should not waste time 
by first taking an electrocardiogram, looking in 
the eyegrounds, or carrying out conservative at- 
tempts to restore cardiac function. One should 
listen briefly to the chest if a stethoscope is im- 
mediately available. It is true that immediate 
opening of the chest under these circumstances 
may result in unnecessary thoracotomy for other 
disastrous complications resembling cardiac ar- 
rest, This procedure has been carried out when 
pulmonary embolism and coronary occlusion de- 
veloped on the operating table. Such relatively 
infrequent errors will have to be accepted, how- 
ever, if patients with surgical arrest are to be 
saved." 


ETIOLOGY 


Although sometimes unaccountable, cardiac 
arrest associated with surgical procedures can 
usually be ascribed to one or more of the fol- 
lowing: 

(1) Direct manipulation of the heart or other 
intrathoracic organs. 

(2) Hypoxia. This is the most widely incrim- 
inated of all factors causing cardiac arrest. Car- 
diac muscle is more senstitive to hypoxia than 
skeletal muscle*. Many obvious causes for hy- 
poxia exist, such as laryngo-tracheal obstruction, 
respiratory depression by excessive anesthesia, 
pulmonary disease, aspiration, and cardiac dis- 
ease. Anemia and shock occurring in a surgical 
procedure may also lead to acute hypoxia and 
cardiac arrest. 

(3) Excessive anesthesia or sensitivity to the 
anesthetic agent. 

(4) Vagal reflexes. The exact role of the vagal 
reflexes in producing cardiac arrest has not 
been settled. During electrical stimulation of one 
vagus nerve proximal to the heart in the human 
being, no particular arrhythmias were seen if 
oxygenation was adequate.’ In laboratory ani- 
mals cardiac arrest does not seem to occur by 
vagal stimulation in the absence of hypercapnea 
or hypoxia.’ Inthe human being during en- 
dotracheal intubation there are reports of electro- 
cardiographic changes which were thought to be 
related directly to hypoxia as measured by the 
oximeter. Vagal stimulation was not considered 
to be an important cause of arrhythmias in the 
presence of satisfactory oxygenation.° 

(5) The presence of previous cardiac disease. 
Coronary artery disease with areas of hyperir- 
ritable ischemic myocardium predisposes to the 
development of cardiac arrhythmias during sur- 
gery and particularly to the onset of ventricular 
fibrillation. 

(6) Other factors. Malnutrition, fright prior 
to operation, carbon dioxide accumulation during 
surgery and its rapid reduction postoperatively 
have been suggested as causes of postanesthesia 
cardiac arrest.’ 


PROPHYLAXIS 

The surgeon should not demand that the 
patient be carried too deeply under anesthesia. 
The anesthetist must be astute in his choice of 
anesthesia and must guard against using exces- 
sive amounts. A proper airway must be main- 
tained with avoidance of hypoxia and hyper- 
capnea. The premonitory signs of an impending 
disaster must be watched for constantly.? Anemia 
and malnutrition should be corrected prior to the 
surgical procedure. Blood lost during the pro- 
cedure should be replaced immediately. Epineph- 
rine should be used only rarely, if at all, dur- 
ing the administration of cyclopropane. If the 
myocardium shows evidence of excessive irrita- 
bility prior to surgery, quinidine or Pronestyl® 
are probably worthwhile given one hour preoper- 
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atively. Where surgery is mandatory in patients 
with known cardiac disease, time should be al- 
lowed preoperatively to effect as much improve- 
ment as posible in the cardiac status. For ex- 
ample, a delay of only a few hours, while a de- 
compensated patient is digitalized, may mean the 
difference between survival and death. Any meta- 
bolic disturbances such as dehydration and aci- 
dosis should be corrected if possible. Seldom does 
one have to be in such a hurry that a few hours 
cannot be allowed for attempted correction of 
these serious defects, 

In cardiac surgery the condition which is most 
likely to lead to a disaster is ventricular fibril- 
lation. There is little evidence that preoperative 
administration of quinidine or Pronestyl® is of 
benefit in preventing this condition. The most 
important prophylactic measure is not drug ther- 
apy but rather adequate oxygenation of the 
myocardium.* 

The maintenance of a proper mental attitude 
in the patient just before surgery requires re- 
assurance and adequate preoperative medication. 

Sudden changes in position of the patient dur- 
ing anesthesia and surgery should be avoided.’ 


INCIDENCE 


Several cases of cardiac arrest occurring dur- 
ing surgery may probably be expected in any 
large hospital each year. Arrest may occur at 
any age, with any type of anesthesia, and in good 
or poor risk patients.” 


TREATMENT 


If a well thought out program of action for the 
handling of cardiac arrest is planned in advance, 
the surgeon and anesthetist will be able to act 
resolutely in the face of this catastrophe and can 
institute immediate resuscitative measures. Tech- 
niques were outlined by Beck in 1937 for the 
control of the heart beat by the surgeon at the 
operating table.? A clear understanding of the 
necessary treatment can be obtained if one keeps 
in mind the objectives emphasized by Beck,’° 
namely, restoration of the oxygen system and 
restoration of the heart beat. 


Restoration of the Oxygen System 

The type of arrest in the initial phase of treat- 
ment is unimportant. The object in all forms is 
to re-establish an effective circulation with the 
least possible delay. The most effective way to do 
this is cardiac massage with the hands directly 
on the heart. Cardiac arrest indicates the need 
for immediate thoracotomy. Johnson and Kirby 
have demonstrated that direct massage through 
a transthoracic incision produces a five times 
greater cardiac output than massage carried out 
subdiaphragmatically and two times more car- 
diac output than massage carried out through a 
transdiaphragmatic incision. Many surgeons feel 
it is also advantageous to open the pericardium 
when massage is to be undertaken. A detailed 
discussion of the methods of cardiac massage is 
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beyond the scope of this paper. The reader is 
referred to the articles in the bibliography for a 
more complete description of these techniques. 

The proper rate of cardiac massage is in some 
dispute. Regardless of the rate used, which 
varies from 25 to 80 or more per minute* 7’, 
practice in massaging is probably the most im- 
portant factor in getting good results. The effec- 
tiveness of the massage can be judged by the 
presence of a palpable pulse, bleeding from the 
wound, and a good color.* If cyanosis persists, 
the airway, oxygen tank, and soda lime cannister 
should be checked. The Trendelenburg position 
is favored during massage.” 

The immediate initiation of artificial respira- 
tion is equally as important as cardiac massage. 
This may be mouth-to-mouth initially until the 
proper equipment can be obtained. The best 
equipment is an anesthesia machine which can 
deliver 100% oxygen through a face mask. An 
endotracheal tube should be inserted, but, before 
this is attempted, the patient should be well oxy- 
genated by the bag and mask. The bag should 
be emptied repeatedly and refilled with oxygen 
to wash out all inhalation anesthetic agents. A 
mechanical respirator, if available, will be of 
great value. 


Restoration of the Heart Beat 


(a) Cardiac Standstill. In many cases of car- 
diac arrest due to asystole, massage alone will in 
a few moments restore an effective spontaneous 
heart beat. If spontaneous heart beat does not re- 
sult, a dilute adrenalin solution (1:10,000) can be 
injected into the right chambers of the heart and 
repeated several times if necessary. If this pro- 
cedure is ineffective, 10% calcium chloride can 
be injected.?? 

(b) Ventricular Fibrillation. This condition 
is fortunately less common than asystole. When 
fibrillation is present, the mainstay of imme- 
diate treatment is cardiac massage to main- 
tain an effective peripheral and coronary blood 
flow and to overcome the cardiac dilatation and 
myocardial cyanosis which is usually present. In 
the meantime preparations should be in progress 
to defibrillate the heart, defibrillation being abso- 
lutely necessary before spontaneous effective car- 
diac contractions will resume. Little success will 
attend attempts to defibrillate a dilated and cyan- 
otic heart. Such efforts should be delayed until 
muscle tone and color have been restored by mas- 
sage.” 

The defibrillatory apparatus is equipped with 
electrodes capable of delivering an electric cur- 
rent directly to the heart. Ideally this instrument 
should also contain a device for accurately tim- 
ing the duration of the electrical shock, an 
isolation transformer for reducing the risk of 
shocking the operator, and, if feasible, a device 
for varying the amount of voltage. 

The use of 110 to 135 volts should be routine. 
Occasionally greater voltage may be tried in 


large hearts that do not respond to the lower 
voltage.® 

A series of short shocks is probably more satis- 
factory than one long shock, and these should be 
given until defibrillation has occurred. A good 
plan is to deliver three to five 110 volt alternat- 
ing-current shocks, each of 0.1 second duration.'* 
The interval between each shock should be about 
0.5 to 1.0 second. 

The defibrillating electrodes should be as large 
as ventricular size will permit. The heart should 
be firmly compressed between the electrodes dur- 
ing the flow of current.’* This reduces resistance 
and aids in more complete defibrillation. 

The surgeon must take care not to shock him- 
self. He can best prevent shock by wearing two 
pairs of gloves, by having insulated electrode 
handles, by having an isolation transformer, if 
possible, and by not touching the table. The anes- 
thetist should not touch either the table or the 
patient during the period in which current is flow- 
ing. If the entire body of the patient does not 
jerk at the application of the electroshock, the 
current is probably not strong enough.* 

An electrocardiograph should be used since 
this instrument provides the best way of deter- 
mining when defibrillation has occurred and the 
nature of the subsequent rhythm. It must be dis- 
connected during the use of electrical shock. 

If electroshock alone is unsuccessful in secur- 
ing defibrillation, the surface of the heart can be 
sprayed with 1% procaine, or 3 to 5 cc. of 1% 
procaine can be injected into the right ventricle. 
Electroshock and massage can then be repeated. 
The procaine drugs, however, are not without de- 
pressant effects on arterial pressure, respiration, 
and the myocardium.'* They should not be used 
unless really necessary, 

When electroshock is effective, cardiac stand- 
still usually results, and, with continued massage, 
the ventricles should resume effective contrac- 
tions. Occasionally the heart after defibrillation 
remains flabby and contracts ineffectually. In 
this situation, small amounts of dilute epineph- 
rine solution can be injected into the right 
atrium or right ventricle coincident with mas- 
sage. If epinephrine is unsuccessful, 2 to 4 cc. of 
10% calcium chloride solution may be injected 
into the left ventricular cavity and massage con- 
tinued. These procedures may be repeated after 
several minutes if necessary.'* Since recovery of 
the heart beat has been reported after an hour 
or more of fibrillation,’® perseverance in treat- 
ment is important. 


PROGNOSIS 


Prognosis for recovery from arrest? depends 
on the following: 

(1) The length of time elapsing before mas- 
sage is begun. 

(2) The mechanism of arrest, fibrillation 
generally carrying the poorer prognosis. 

(3) The degree of hypoxia present and the 
status of the glycogen reserves. 
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(4) The presence or absence of pre-existing 
heart disease. 

(5) The presence of noxious drugs. 

(6) The degree of diastolic filling and coro- 
nary blood flow that can be maintained by mas- 
sage. 


CONCLUSION 


Prompt and vigorous treatment of cardiac ar- 
rest during surgery has produced an increasing 
number of recoveries from this catastrophe. 
Treatment failure, however, remains high, espe- 
cially in ventricular fibrillation. A further im- 
provement in mortality figures should be possible 
with a wider understanding of the mechanisms 
involved and an appreciation of the opportunities 
that exist for therapy. 

JouHn MitcHELL Sorrow, Jr. 
ERNEST CRAIGE 
Chapel Hill, North Carolina 


REFERENCES 


1. Hinchey, P. R., and Straehley, C. J.: Cardiac arrest in the oper- 
ating room. New Eng. J. Med. 247:1003. 1952. 


2. 
3. 
4. 


a 


An 


. Brown, E. B., Jr., and Miller, F. A.: 


Beck, S., 
Beck, C. S., 
. Lape, H. E., 


Ray, 


Becker, A. H.: Cardiorespiratory failure. Am. J. Surg. 83:127 
1952. 

Johnson, J., and Kirby, C. K.: Prevention and treatment of car- 
diac arrest. J. A. M. A. 154:291, 1954. 

Best, C. H., and Taylor, N. B.: Physiological basis of medical 
practice. Fifth edition, Williams and Wilkins Co, Baltimore, 
1950. 


. Jacoby, J. J., Zeigler, C. H., and Hamelberg, W.: Cardiovascular 


studies during vagal stimulation. Presented to the American So- 
ciety of Anesthesiologists, October 25, 1954. (From the Dept. of 
Surgery and Anesthesia, Ohio State University.) 


. Sloan, H. E.: The vagus nerve in cardiac arrest: Effect of hyper- 


capnea, hypoxia, and asphyxia on reflex inhibition of the heart. 
S.G. & O. 91:257. 1950. 

Ventricular fibrillation 
following a rapid fall in alveolar carbon dioxide concentration. 
Am. J. Phys. 169:56, 1952. 


. Lahey, F. J., and Ruzicka, E. R.: Experiences with cardiac ar- 


rest. S.G. & O. 90:108, 1950. 

and Martz, F. R.: The control of the heart beat 
by the surgeon. Ann. Surg. 106:525, 1937. 

: and Rand, H. J.: Cardiac arrest during anesthesia 
and surgery. J. A. M. A. 141:1230, 1949. 

and Maison, G, L.: Cardiac resuscitation and sur- 
vival: Influence of rate of manual compression, type of counter- 
shock, and of epinephrine. Am. J. Phys. 172:417, 1953. 

and Blalock, A.: The use of calcium chloride in the 
O. 93:97, 1951. 


treatment of cardiac arrest in patients. S.G. & 


. MacKay, R. S., Mooslin, K. E., and Leeds, S. E.: The effects 


of electric currents on the canine heart with particular reference 
to ventricular fibrillation. Ann. Surg. 134:173, 1951. 


. Wiggers, : Defibrillation of the ventricles. Circ. Res. 
1:191, 1953. 
. Beck, C. S., Pritchard. W. H., and Feil, H. S.: Ventricular 


fibrillation of long duration abolished by electric shock, J. A. 
A. 135:985, 1947, 
excellent recent monograph on the subject of cardiac arrest is 


that of Hosler, R. M.: A Manual on Cardiac Resuscitation. Charles 
C. Thomas Co., Springfield, Illinois, 1954. 


The opinions and conclusions expressed herein are those of the author and do not neces- 
sarily represent the official views of the Scientific Council of the American Heart Association. 


to December 1954. 


Modern Concepts of Cardiovascular Disease 
A BOUND VOLUME OF THREE YEARS, 1952 rimv 1954 


Now available in a handsome green Buckram cover with gold impressed title are the 
past thirty-six issues of the useful and informative MODERN CONCEPTS OF CARDIO- 
VASCULAR DISEASE. The bound volume, indexed as to author and subject, provides 


a handy reference source for the cardiovascular topics presented from January 1952 


Order now to obtain this attractive and informative volume. 


Price $3.00 


presented at the meeting. 


PAPERS FOR THE SCIENTIFIC SESSIONS 


All those wishing to present papers at the 28th Scientific Sessions of the 
American Heart Association must submit abstracts for review by the 
Program Committee. Abstracts shall not be more than 300 words and 
must be submitted in duplicate before July 1, 1955, to the Medical 
Director, American Heart Association, 44 East 23rd Street, New York 
10, New York. Abstracts should contain in summary form the results 
obtained and conclusions reached — not a statement that these will be 


j 


9 
10 
11 
12 
3 
14 
= 
272 


a 


car- 
lical 
1ore, 
ular 
So- 
of 
per- f 
eart. 
ition 
tion. 
ar- 
beat 
lesia 
sur- 
iter- 


| ital N O T E S —~ 
the 
1 . 
ects 
nce 
Res. 
ular 
t is 
rles 
( 
| 


N T E S —v 


